Objective: To quantify and identify predictive risk factors for seizure relapse and development of drug resistance in patients who achieved long-term (Ͼ1 year) antiepileptic drug-induced seizure remission.
Meier curves could be fitted by monoexponential functions, with a maximal seizure relapse rate of 43.6%, maximal drug-resistance rate of 27.4%, and half-decay constant of 21.5 months for both curves. Treatment history served as a significant independent prognostic risk factor for both seizure relapse and development of drug resistance. The preremission seizure frequency and duration of epilepsy were also identified as significant prognostic risk factors in the univariant analysis but failed to reach statistical significance in the multivariate analysis.
Conclusion: Seizure relapse commonly occurs in patients following long-term seizure remission. Treatment history and duration of epilepsy are predictive risk factors for both seizure relapse and development of drug resistance.
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1,2 Previous studies have shown that antiepileptic drug (AED) treatment can induce long-term seizure remission in up to 70% of epileptic patients. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] The remaining 30% of epileptic patients have drug-resistant epilepsy and continue to experience seizures despite appropriate AED treatment. [3] [4] [5] [6] [7] [8] [9] [10] [15] [16] [17] [18] [19] In contrast to the numerous studies that addressed the probability and prognostic risk factors for obtaining AED-induced seizure remission, few data exist concerning the longterm prognosis of epileptic patients who entered AED-induced seizure remission. Previous studies have reported that epileptic patients who entered long-term AEDinduced seizure remission can experience seizure relapse and even develop drugresistant epilepsy. [14] [15] [16] 18, 20 However, the extent and time course of these phenomena are largely unknown. In addition, there are few data concerning the prognostic risk factors for these occurrences.
In this study, we prospectively followed up 256 consecutive patients who entered AED-induced long-term (Ͼ1 year) seizure remission to quantify the extent and time course of seizure relapse and development of drug-resistant epilepsy in these patients and define prognostic risk factors that can help identify the patients at risk for these occurrences.
METHODS
This study was performed on a cohort of 566 consecutive patients (Ն12 years) who received newly administered AED treatments at the Epilepsy Clinic of the Rambam Medical Center between January 1999 and December 2005. 19 Our clinic serves a diverse patient population, including patients with new-onset epilepsy, easyto-treat epilepsy, and drug-resistant epilepsy. 19 All patients included in our analysis were followed up prospectively for a minimal period of 2 years (range, 2-8. At the first and subsequent clinic visits, data were collected from every patient, family members, medical records, and letters from the primary treating physicians. In the first clinic visit, data were collected regarding the sex, age, age at onset of epilepsy, family history of epilepsy, risk factors of epilepsy, medical and neurological history, classification of present and past seizures, frequency of each seizure type, number of seizures in the past 3 months, classification of epilepsy and epileptic syndrome, electroencephalographic (EEG) and imaging data obtained prior to initiation of the newly administered AED treatment, present and past AED treatment, reasons for discontinuation of past AED treatment, and past seizure control. Classification of epileptic seizures, epilepsy type, and epileptic syndrome was performed according to International League Against Epilepsy Classification. 21, 22 On subsequent visits after initiation of newly administered AED treatments, we collected data concerning the number of seizures, adverse events, and compliance since the last clinic visit. In addition, regular blood testing was performed, including drug levels whenever possible (valproic acid, carbamazepine, and lamotrigine). All data were recorded in our in-house Oracle-based software specially modified for the Epilepsy Clinic.
Administration of AED treatments was done according to the clinical judgment of the treating epileptologists. 19 We did not have a strict treatment algorithm for choosing the new AED treatment. However, in general, the first 2 AED treatments were prescribed as monotherapy. After 2 AEDs proved inefficient, we usually added a second AED to the existing AED. We tried to avoid simultaneous therapy with 3 drugs, but in some patients, triple therapy was unavoidable. Regarding the dose of AEDs, on initiation of a new AED treatment, the dose was usually increased to a medium dose range (typically 200 mg for lamotrigine and 100-200 mg for topiramate, 600-1000 mg for carbamazepine, 1200-1800 mg for gabapentin, and 600-1000 mg for valproic acid). If seizures recurred, the AED dose was further increased up to the maximally tolerated dose.
Patients attended regular clinic visits and, if needed, were contacted via telephone. Patients were asked to maintain seizure diaries. The number of seizures experienced since the last clinic visit was obtained from the seizure diaries and from the interviews held during the clinic visits.
In all cases of seizure relapse, we took special care to determine compliance of patients to AED treatment and identify other reversible external triggers for seizures. Diagnosis of noncompliance was based on self-reporting or AED blood levels (when AED blood levels after the seizure were 50% or lower than the previous levels).
In patients who experienced seizure recurrence, we first increased the dose of the administered AED. In cases where the AED dosage could not be further increased, a new AED was administered either as a replacement or add-on treatment.
Statistical analysis was performed using the 2 test, Fisher exact test, and logistic regression multivariate analysis. For multivariate analysis, a stepwise selection of the variables was used. The patient's sex, type of epilepsy, and EEG findings were entered as categorical dummy variables. The number of past ineffective AED treatments, duration of epilepsy, and number of seizures in the 3-month period prior to initiation of the new AED treatment were subcategorized and entered as dummy variables. All statistical analysis was performed using SPSS software (SPSS Inc, Chicago, Illinois). All graphs and curve fittings were performed using Igor software (WaveMetrics, Inc, Lake Oswego, Oregon).
RESULTS
A cohort of 566 consecutive patients received newly administered AED treatments between January 1999 and December 2005 in the Epilepsy Clinic of the Rambam Medical Center (Figure 1) . Eighty-five patients were excluded from analysis because they were either lost to follow-up within 24 months of AED treatment initiation, discontinued all (1-3) new AED treatments prescribed because of adverse events within the first year of use, or had an uncertain diagnosis (possible nonepileptic spells). Of the remaining 481 patients, 256 patients (53%) entered long-term seizure remission (Ͼ1 year) and 225 patients (47%) continued to experience seizures ( Figure 1 ). Of the 256 patients who entered long-term seizure remission after receiving the newly administered AED treatment, 172 (67%) received a single AED (monotherapy) and 85 patients (33%) received the newly administered AED as an add-on treatment to 1 (75 patients), 2 (6 patients), or 3 (4 patients) additional AEDs.
Sixty-four (25%) of these 256 patients had generalized epilepsy (62 with primary generalized epilepsy, 25 of whom had juvenile myoclonic epilepsy), 71 had cryptogenic partial epilepsy, and 91 had symptomatic partial epilepsy (23, cerebrovascular disease; 11, posttraumatic; 11, meningioma; 9, vascular malformations; 8, WWW.ARCHNEUROL.COMhippocampal atrophy; 7, cortical dysplasia). The classification of the remaining 30 patients was undetermined. Eighty-one patients were newly treated (62 had Ն2 seizures and 19 patients had only 1 seizure prior to AED treatment initiation. The decision to initiate AED treatment after the first seizure was determined after consulting the patients and taking into account results of the EEG recordings). Prior to entering long-term seizure remission, 2 patients previously underwent unsuccessful epilepsy surgery, and none of the patients underwent vagal nerve stimulator implantation. At the end of the follow-up period, 210 of 256 patients (82%) were seizure free and 41 patients (16%) developed drug-resistant epilepsy (Figure 1) . One hundred fifty-four patients (60%) remained seizure free throughout the entire follow-up period, and 25 patients (10%) experienced seizure relapse due to external reversible causes and later regained seizure remission. In 77 patients (30%), seizures recurred without known reversible triggers. Forty-one of these 77 patients (53%) developed drug-resistant epilepsy and 31 patients (40%) reentered seizure remission either after dose adjustment (14 patients) or after changing the AED regimen (17 patients). In the remaining 5 patients (7%), the follow-up period was insufficient to determine whether patients could reenter seizure remission (Figure 1 ). Of the 41 patients who developed drug-resistant epilepsy, 13 had 1 additional AED treatment fail after seizure relapse, 23 patients had 2 AED treatments fail after seizure relapse, and the remaining 5 patients had 3 additional AED treatments fail after seizure relapse. All patients who developed drug resistance underwent surgical evaluation. Six patients were found to be good surgical candidates (2 underwent surgery, 2 declined surgery, and 2 are still in the process). Figure 2 presents the Kaplan-Meier survival curves for seizure relapse and development of drug resistance as a function of the follow-up period. Five years after entering seizure remission, approximately 40% of patients experienced seizure relapse and 25% developed drugresistant epilepsy. The curves for seizure relapse and development of drug resistance could be fitted by monoexponential functions, with a maximal seizure relapse rate of 43.6% and a maximal drug-resistance rate of 27.4%. Both curves had a half-decay constant of 21.5 months (Figure 2 ). Twenty-five additional patients experienced seizure relapse due to external reversible triggers, including discontinuation of AED treatment (7 patients), reduction of the AED dose (8 patients), noncompliance (7 patients), severe sleep deprivation (2 patients), and high fever (1 patient). These patients later regained seizure remission.
We next looked for predictive risk factors for seizure relapse and development of drug resistance after achieving long-term (Ͼ1 year) seizure remission. Using univariant analysis, we found 2 significant predictive risk factors for both seizure relapse and development of drug resistance: treatment history and duration of epilepsy (Figure 3 and Figure 4) ( Table 1 ). In addition, the preremission seizure frequency was identified as a significant predictive risk factor for development of drug resistance, but not for seizure relapse (Table 1) . The probability for both seizure relapse and development of drug resistance was significantly higher in patients who had multiple ineffective AED treatments fail in the past. Patients who had 2 to 3 past ineffective AED treatments had a 2.1-fold (range, 1.1-to 3.2-fold) increase in seizure relapse and a 4.3-fold (range, 2.1-to 16.8-fold) increase in the probability to develop drugresistant epilepsy compared with patients who had only zero to 1 past ineffective AED treatments (Figure 3 ) ( Table 1 ). The rates of seizure relapse and development of drug resistance were even higher in patients who had 4 to 7 past ineffective AED treatments (Figure 3 ) ( Table 1) .
The duration of epilepsy at the time of remission also served as a significant prognostic risk factor for seizure relapse and development of drug-resistant epilepsy. Patients with preremission epilepsy durations of 5 years or more had a 1.5-to 2-fold increase in the seizure relapse rate and a 2.5-to 3-fold increase in the probability to develop drug resistance as compared with patients with a preremission epilepsy duration of less than 5 years ( Figure 4 ) ( Table 1) .
The seizure frequency during the 3 months prior to seizure remission was a significant prognostic risk factor for development of drug resistance. Because the preremission seizure frequency was higher, the likelihood for seizure relapse and development of drug resistance increased (Table 1) .
Other parameters we examined, including age, sex, type of epilepsy (partial vs generalized), etiology of epilepsy (idiopathic, cryptogenic, symptomatic), and EEG findings, did not significantly influence seizure relapse or development of drug resistance in our patients. Because of the small number of patients, we were unable to examine seizure relapse and development of drug resistance in specific epileptic syndromes. 15 To further characterize independent prognostic risk factors for seizure relapse and development of drug- resistant epilepsy in patients who entered long-term (Ͼ1 year) seizure remission, we performed logistic regression multivariate analysis ( Table 2) . The multivariate analysis confirmed that the treatment history served as a significant independent predictive risk factor for both seizure relapse and development of drug-resistant epilepsy (Table 2 ). In contrast to the univariant analysis, multivariate analysis failed to reach statistical significance for the preremission seizure frequency and epilepsy duration. In addition, it confirmed that the age, sex, type of epilepsy (partial vs generalized), etiology of epilepsy (idiopathic, cryptogenic, symptomatic), and EEG findings did not serve as significantly independent risk factors for either seizure relapse or development of drug resistance in patients who entered AED-induced long-term (Ͼ1 year) seizure remission (Table 2) .
COMMENT
In this study, we characterized the long-term prognosis of epileptic patients who entered long-term (Ͼ1 year) seizure remission. The main findings of this study are:
1. Five years after obtaining drug-induced seizure remission, 40.2% of patients experienced seizure relapse and 25.3% developed drug-resistant epilepsy. The KaplanMeier survival curves describing seizure relapse development of drug resistance could be fitted by monoexponential functions, with a maximal relapse rate of 43.6%, maximal drug-resistance conversion rate of 27.4%, and half-decay time constant of 21.5 months for both curves. Hence, with time, almost half of the patients who entered long-term seizure remission are expected to experience seizure relapse, and more than a quarter of them are expected to develop drug-resistant epilepsy. In the majority of patients, seizure relapse and development of drug-resistant epilepsy is expected to occur within 4 to 5 years after entering seizure remission. However, the number of patients followed up for longer periods was small (Figure 2) , and hence, it is possible that there is a second, slower process of seizure relapse and development of drug resistance that cannot be detected in our cohort. An additional 10% of patients experienced seizures due to reversible external triggers such as noncompliance, dose reduction, or discontinuation of the AED treatment.
2. The treatment history (number of past ineffective AED treatments) served as an independent predictive risk factor for both seizure relapse and development of drugresistant epilepsy. In addition, the preremission seizure frequency and duration of epilepsy were found to be significant predictive risk factors in the univariant statistical analysis but failed to reach statistical significance on the multivariate analysis.
Antiepileptic drug-induced seizure remissions have been extensively studied by previous authors. [4] [5] [6] [7] [10] [11] [12] [13] [14] [15] [16] [18] [19] [20] [23] [24] [25] In contrast, only few previous studies addressed the questions of seizure relapse and development of drugresistant epilepsy in patients who entered seizure remission, especially in adults. [14] [15] [16] 18, 20 Mohanraj and Brodie 16 reported that 20% of patients with newly diagnosed epilepsy who entered long-term seizure remission eventually relapsed and 8% eventually developed drug resistance. However, this study did not analyze the data with Kaplan-Meier survival curves and failed to identify prognostic risk factors for these occurrences. The seizure relapse rates reported by Mohanraj and Brodie were significantly lower than those we found, probably because the vast majority of patients in the Glasgow cohort had only zero to 1 past ineffective AED treatments. 16 Choi et al 18 reported that 5 of 20 patients who previously had drug-resistant epilepsy and entered seizure remission eventually relapsed. The small number of patients who entered seizure remission limited the conclusions of this study.
Three additional studies have been performed on pediatric cohorts. In a long-term population-based study from Finland, 14 47% of patients who entered seizure remission relapsed and 17% eventually developed drug resistance. In 2 large studies, Berg et al 15, 20 reported that approximately 30% of patients with drug-resistant epilepsy experienced delayed development of drug resistance and that approximately 20% to 25% of these patients entered transient longterm seizure remission prior to development of drug resistance. Several points differentiate our study from these 2 large-scale studies. 15, 20 First, these studies were performed on pediatric cohorts, while our cohort consisted mostly of adults. Second, these studies did not investigate the outcome of patients who entered long-term remission but rather concentrated on the time course for development of drug-resistant epilepsy. 20 Third, these 2 studies only looked at drug resistance but did not investigate seizure relapse that was later controlled.
There are several possible underlying theoretical mechanisms for delayed seizure relapse and development of drug resistance in patients who entered seizure remission. First is the development of drug tolerance to AEDs. 26, 27 Drug tolerance can result from various pharmacodynamic mechanisms that reduce the antiepileptic efficacy of AEDs, such as changes in the sensitivity of voltage-gated channels or other target molecules to AEDs [26] [27] [28] or upregulation of drug transporters that enhance extraction of AEDs from neurons. 29, 30 The second mechanism that can explain delayed seizure relapse and development of drug resistance is progression of the underlying epileptogenesis. 26, 27 The most powerful predictive risk factor for both seizure relapse and development of drug-resistant epilepsy was the number of past ineffective AED treatments. In a previous study, we showed that the number of past ineffective AED treatments was also the most powerful predictive risk factor for obtaining the initial seizure remission in this cohort. 19 Other predictive factors for obtaining the initial seizure remission, including the preremission seizure frequency and duration of epilepsy, were also found to predict seizure relapse and development of drug resistance on univariant analysis but failed to reach statistical significance in the multivariate analysis. Taken together, these findings suggest that seizure relapse and development of drug resistance are dependent on the initial severity of epilepsy.
The difference between the univariant and multivariate analyses may be because patients with higher seizure frequency or longer epilepsy duration had taken more AEDs in the past.
Even though patients were followed up prospectively after administration of new AED treatments, some data concerning the history of their epilepsy were obtained retrospectively. This included data regarding treatment history, duration of epilepsy, and number of past seizures. It will, however, be virtually impossible to perform a similar study in a cohort of new-onset epilepsy because of the long follow-up required and the fact that the majority of patients will respond well to the initial AED. Indeed, in a large cohort of newly diagnosed patients, the number of patients who developed drugresistant epilepsy was small, and no patients had prolonged epilepsy or multiple past AED treatments that failed. 7, 16 In conclusion, in this study, we examined a question that is frequently raised in the clinical practice of every epileptologist: What is the prognosis of patients who entered long-term seizure remission? We found that seizure relapse was common. Slightly less than half the patients who entered long-term (Ͼ1 year) AED-induced seizure remission relapsed and more than a quarter of them eventually developed drug-resistant epilepsy. In the vast majority of patients, seizure relapse and drug resistance occurred within the first 4 to 5 years after obtaining seizure remission. We found that the treatment history served as an independent prognostic risk factor for development of drug-resistant epilepsy. The pretreatment seizure frequency and duration of epilepsy were also identified as significant prognostic risk factors on univariant analysis, but did not reach statistical significance on the multivariate analysis. The data presented herein will assist in determining the prognosis of longterm AED treatment and the pros and cons for referral to epilepsy surgery. April 15, 2009. 
Accepted for Publication:

